The authors sought to determine whether demographic factors, labor characteristics, and labor management for intra-amniotic infection (IAI) are different for IAI cases who deliver preterm compared with IAI cases who deliver at term. From 1990 through 1994, 610 women with intra-amniotic infection and 747 controls were enrolled from five hospitals in King County, Washington state. Intra-amniotic infection was diagnosed by fever 37.8°C with two of the following signs: maternal or fetal tachycardia, uterine tenderness, elevated peripheral white blood cell count, and purulent amniotic fluid. Preterm IAI cases were significantly more likely than term IAI cases to have membrane rupture before contractions (odds ratio (OR) = 6.1) and prolonged membrane rupture (>24 hours) (OR = 31.0). Term cases were more likely to experience a prolonged second stage of labor. After accounting for differences in labor characteristics, preterm IAI was less likely to be managed with a cesarean delivery, prolonged internal monitoring, or induction of labor and more likely to be managed with antimicrobials and antipyretics. When compared with preterm births without IAI, preterm IAI cases were more likely to be managed with labor augmentation. The authors believe that labor characteristics of women with preterm IAI and the risk of neonatal sepsis deserve further study. Am J Epidemiol 1998; 147:111-16.
Intra-amniotic infection (IAI) is a life-threatening labor complication for the fetus. The risk of neonatal sepsis and mortality are higher when IAI is associated with delivery at a preterm gestational age than when a preterm delivery occurs without infection involved (1) . IAI is frequently diagnosed in the intrapartum woman using such clinical signs as fever, maternal and fetal tachycardia, uterine tenderness, foul smelling amniotic fluid, and an elevated maternal white blood cell count (2) . Clinical signs are used because laboratory diagnosis of bacterial infection of the amniotic fluid is not available soon enough to affect the management of labor, and the interpretation of culture results are difficult after the fetal membranes are ruptured.
Intra-amniotic infection occurs more frequently among women who deliver at a preterm gestational age compared with women who deliver at term. Several studies (3) (4) (5) have found risk of IAI to be highest for women who delivered at the earliest gestational ages (23-33 weeks) (relative risk (RR) = 5.5, 95 percent confidence interval (CI) = 3.4-9.0) and lower for women who delivered at a later preterm gestational age (33-36 weeks) (RR = 1.7, 95 percent CI 1.2-2.3). Risk of neonatal sepsis has also been found to be increased among infants of women who delivered at a preterm gestational age with IAI compared with women who delivered at a preterm gestational age without IAI (1). Sperling et al. (6) examined the labor characteristics and management of women with IAI who delivered an infant with birth weight <2,500 g compared with women with IAI who delivered an infant with birth weight &2,500 g. Low birth weight neonates were more likely to develop early sepsis despite similar mean hours of membrane rupture and similar frequencies of antimicrobial use and cesarean delivery (6) . These findings suggest that IAI at a preterm gestational age may increase the risk of sepsis to the neonate compared with IAI at term and compared with other preterm infants. The reasons for the increased risk of sepsis are not yet adequately understood.
The purpose of this study was to examine the characteristics of women with IAI who delivered preterm compared with women with IAI who delivered at term. Three areas of characteristics were evaluated: demographic and life-style, labor and delivery factors, and the management of labor. The objective was to determine whether the labor characteristics and management for IAI at a preterm gestational age were different from IAI at term.
MATERIALS AND METHODS
Women were enrolled into a case-control study from 1990 through 1994 at five hospitals in King County, Washington state: University of Washington Medical Center, Swedish Hospital Medical Center, Group Health Cooperative of Puget Sound, Overtake Hospital Medical Center, and Valley Medical Center. The medical records of women who had a discharge diagnosis that designated an infectious complication of labor were reviewed for a checklist of signs and symptoms indicating IAI. These women formed the case group. By means of the medical review, study staff classified 1,213 women as having IAI using the following criteria: fever during labor (at least 37.8°C), with at least two additional signs, i.e., maternal (>100 bpm) or fetal (> 160 bpm) tachycardia, uterine tenderness, purulent amniotic fluid, and peripheral white blood cell count > 15,000 per mm 3 (2) . Controls were systematically sampled from among women who delivered infants at the same hospital and during the same month as the cases. At each hospital for each month, every kth control was chosen with k varying so that the number of controls would equal the number of cases. Controls were selected from among women who were screened for the signs and symptoms of IAI and were negative for such signs and symptoms.
The 1,213 women who had been identified as cases were classified for exclusion criteria. A total of 301 women were excluded for the following reasons: lived outside of King County (62 percent), multiple gestation (7 percent), spoke no English (26 percent), or were aged less than 16 years (5 percent). We sought to enroll 912 potential cases and were unable to enroll 290 of these women (32 percent) because their physician refused (5 percent), the respondent refused (20 percent), or their address information was no longer current (7 percent). Of the eligible women, 622 women (68 percent) and a further 14 women did not have a complete medical record or interview information, which left 610 case women available for analysis. Among 1,165 eligible control women, 418 (36 percent) did not enroll because their physician refused (3 percent), the respondent refused (14 percent), or the address information was no longer current (22 percent); 64 percent (747 women) were thus available for analysis.
Women with IAI were classified into two subgroups of cases depending on whether the IAI developed during a delivery at a preterm gestational age or at a term gestational age. Preterm delivery was defined as delivery before 37 completed weeks of gestation. Gestational age at delivery was determined by the best obstetric estimate obtained when women were admitted to the hospital in labor and recorded in the medical record. Fetal stress was determined by a scalp pH of <7.2 or by fetal tachycardia. Prolonged second stage of labor was defined as >2 hours of labor after complete dilation and effacement.
Cases and controls participated in a structured personal interview to ascertain demographic, life-style, and reproductive history information. One person conducted interviews for both cases and controls from 3 to 6 months after delivery. The person who conducted the interviews traveled to the women's homes to conduct the interviews at a time that was mutually convenient for the interviewer and respondent. Labor and delivery data were collected from a structured medical record review conducted by four trained study personnel.
Unadjusted and adjusted odds ratios were estimated with the use of unconditional logistic regression (7) . Confidence intervals of 95 percent were used for tests of statistical significance and confirmed by likelihood ratio tests (8) . An odds ratio for the estimate of risk of preterm IAI and IAI at term was calculated for each of the two case subgroups compared separately with the controls. The risk of preterm IAI associated with any characteristic was considered to be a statistically different risk compared with the risk for term IAI associated with the same factor if the confidence intervals for the risks did not overlap.
RESULTS
Women with intra-amniotic infection were more likely to deliver at a preterm gestational age (16 percent; 95/610) than were women without this pregnancy complication (7 percent; 52/747) (p < 0.001). We examined the characteristics of women with IAI who delivered preterm to determine if they were different from women with IAI who delivered at term. Women who had IAI during a preterm delivery had a group of demographic and life-style characteristics which were not also associated with an increased risk of IAI at term. The following characteristics increased the risk of preterm IAI: black race (odds ratio (OR) = 3.6, 95 percent CI 1.9-6.9), less than a high school education (OR = 2.8, 95 percent CI 1.1-7.2), unmarried status (OR = 2.6, 95 percent CI 1.6-4.3), yearly family income <$20,000 (OR = 2.2, 95 percent CI 1.2-4.1), and tobacco use during pregnancy (OR = 2.4, 95 percent CI 1.4-4.4). These characteristics were not associated with an increased risk of IAI in women who delivered at term (table 1) or with preterm delivery among women without IAI (data not shown).
The risks for preterm IAI compared with term IAI associated with black race and tobacco use during pregnancy had confidence intervals that did not over-Prematurity and Intra-Amniotic Infection 113 lap. After adjustment for the association among the demographic and life-style variables, the following factors were still associated with an increased risk of preterm IAI: black race (adjusted odds ratio (aOR) = 3.1, 95 percent Cl 1.5-6.5), less than a high school education (aOR = 2.2, 95 percent Cl 1.02-4.8), unmarried status (aOR = 2.0, 95 percent Cl 1.1-3.8), and tobacco use during pregnancy (aOR 1.9, 95 percent Cl 1.02-3.7).
Women who had their first pregnancy were at an increased risk of IAI for delivery at term but were not at increased risk of preterm IAI. Being a teenager and alcohol use during pregnancy were not associated with increased risk IAI for either preterm or term gestations at deb'very (table 1) .
The characteristics of labor were evaluated for women with preterm IAI and IAI at term. Women with premature rupture of membranes (PROM) or with prolonged rupture of membranes (£25 hours) were at a higher risk of preterm IAI than term IAI when each group was compared separately with the control women without IAI. Women with prolonged labor (&25 hours) were at an increased risk of preterm and term IAI. Although the point estimate of risk was higher for term IAI than for preterm IAI, the risks were not statistically significantly different. Women who had IAI at term had a higher risk of prolonged second stage of labor than women who had IAI at a preterm gestational age.
After adjustment for the strong correlation among membrane rupture before contractions, prolonged hours of labor and prolonged hours of membrane rupture, prolonged hours of membrane rupture increased the risk of preterm IAI (aOR = 19.9,95 percent Cl 8.2-48.5). Both prolonged hours of membrane rupture and prolonged hours of labor increased the risk of IAI at term when fitted in a logistic model including membrane rupture before contractions, prolonged hours of rupture of membranes, and prolonged hours of labor. After adjustment, membrane rupture before contractions was not associated with IAI at preterm or at term. Fetal stress was associated Am J Epidemiol Vol. 147, No. 2, 1998 with IAI, but the risk was similar for preterm and term IAI (table 2) .
The characteristics of labor management for the 95 cases of preterm IAI were compared with 515 cases of IAI diagnosed at term (table 3) . The likelihood of the labor management factors described were determined after adjustment for the number of hours of labor, the number of hours of membrane rupture, and prolonged second stage of labor. These controlling factors were chosen because they were different between women with IAI who delivered at preterm and term gestational ages and may have given more opportunity for instituting the labor management examined. Second, the 95 cases of preterm IAI were compared with 52 women from among the controls (without IAI) who also delivered preterm (table 4). The likelihood of a labor management being used was adjusted for rupture of membranes prior to contractions, the number of hours of membrane rupture, and fetal stress. The purpose of these two comparisons was to determine whether labor management for women with preterm IAI was more like other cases of IAI who delivered at term or more like other cases of preterm delivery without IAI.
When compared with cases of IAI who delivered at term, women with preterm IAI were less likely to be managed with a cesarean delivery, and to have prolonged hours of internal monitoring, frequent vaginal examinations, prostaglandin gel, or pitocin for the induction of labor. Women with preterm IAI were more likely to have received antimicrobials or antipyretics (table 3) . When compared with women who delivered at a preterm gestational age but without IAI, women with preterm IAI were more likely to have been managed with antimicrobials, antipyretics, or augmentation of labor (table 4) . Delivery method, hours of internal monitoring, and number of vaginal examinations were similar for women who delivered preterm with or without IAI. Neonates born to women with IAI were more likely to have culture-confirmed sepsis (6 percent vs. 1.2 percent) if they were preterm than if they were born at term (p < 0.0001).
DISCUSSION
The frequency of preterm delivery among women with IAI (16 percent) observed in this study is lower than that observed in other large studies of intra-amniotic infection (2-4). The frequency of preterm IAI in the present study may have been reduced because we had increased use of antibiotics intrapartum for women delivering preterm compared with antibiotic use in other studies that have reported on the frequency of prematurity among cases of IAI. We are unable to present evidence to support this possible explanation because we do not have the frequency of antibiotic use for all preterm deliveries at the cooperating hospitals. Women with preterm IAI have a constellation of demographic and life-style risk markers that were not associated with IAI at term in this study: black race, income <$20,000 per year, unmarried, and tobacco use during pregnancy. Other investigators (9) (10) (11) (12) have found these risk markers to be commonly associated with preterm delivery. Some investigators (3, 4, 13) but not others (5) have noted an association of nonwhite race and unmarried status with IAI. These differences in findings concerning risk markers for IAI may be accounted for by the proportion of preterm delivery among the case group of women in a study of IAI. Other investigators (3, 5, 14) have presented the increased risk of IAI associated with premature rupture of membranes, prolonged hours of membrane rupture, and prolonged hours of labor. The findings from the present study extend these observations by showing that prolonged hours of membrane rupture are particularly associated with IAI at a preterm gestational age and that prolonged second stage of labor is associated with IAI at term. The current study also shows that fetal stress is associated with IAI whether diagnosed preterm or at term.
After adjusting for prolonged hours of labor, membrane rupture, and second stage of labor, women with preterm IAI have had their labor managed more expectantly than women who developed IAI at a term gestational age. Women with preterm IAI were less likely to have a cesarean delivery, long hours of internal monitoring, and induction with pitocin. Women with preterm IAI were also more likely than women with IAI at term to receive antimicrobials and antipyretics. These findings are partially in agreement with those of Sperling et al. (6) , who found more frequent vaginal examinations and longer hours of internal monitoring for women with IAI who delivered a neonate of at least 2,500 g. The present study does not confirm the findings of similar frequencies of antimicrobials during labor and cesarean delivery (6) . The differences may be accounted for by regional and temporal differences in the use of these components of labor management. The categorization by gestational age used in the present study yields a different composition in the two groups with IAI than the categorization by low birth weight used by Sperling et al. (6) . This results in some lack of comparability between the two studies.
Compared with women with IAI at term, women with preterm IAI were more likely to have rupture of membranes as the initiating event for labor, to have prolonged rupture of membranes, and to appear to have a more expectant management of labor. However, compared with controls who delivered at a pre- term gestational age, women with preterm IAI were more likely to receive antimicrobials, to receive antipyretics, and to have augmentation of labor. The timing of these interventions, particularly the decision to proceed with labor augmentation or delivery, may involve difficult clinical decisions. Specifically, the management of preterm IAI requires the medical staff to weigh the risk of morbidity associated with prematurity with the risk of neonatal sepsis. Primary prevention of both components of the problem may be the most successful strategy.
